Human fetal central neurons in culture: voltage- and ligand-gated currents.
1. The functional properties of sodium, potassium, calcium, N-methyl-D-aspartate (NMDA), kainate, and gamma-aminobutyric acid (GABA) currents were studied in dissociated monolayer cultures of fetal human brain neurons, using the whole cell patch-clamp technique. 2. Sodium currents were characterized with respect to the following properties: current density, voltage dependence of activation, voltage dependence of inactivation, and sensitivity to tetrodotoxin (TTX). All sodium currents exhibited voltage dependencies of activation and inactivation, and sensitivities to TTX that are characteristic of the neuronal form of the sodium current. 3. At least two types of potassium current were present, resembling the delayed rectifier and fast-inactivating potassium current. These two types of potassium current were distinguishable by their different kinetics, voltage dependencies of activation and inactivation, and sensitivities to 4-aminopyridine and tetraethylammonium. 4. High-voltage-activated calcium channel currents were present and were characterized with respect to current density, voltage dependencies of activation and inactivation, and sensitivity to cadmium. Low-voltage-activated calcium channel currents were also present. 5. NMDA- and kainate-gated currents were studied with respect to current density, time course, and current-voltage relationship. Kainate currents were also characterized with respect to inhibition by 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX). In addition, NMDA and kainate responses were compared for cortical versus cerebellar neurons. NMDA responses, which are only found in neurons, were present, confirming the neuronal phenotype suggested by the presence of the neuronal form of the sodium current. Nondesensitizing kainate currents were also present, with a half-maximally effective concentration (EC50) of approximately 200 microM for kainate; CNQX inhibited the kainate current with a half-inactivating concentration of 0.55 microM. 6. GABA-gated currents were characterized with respect to current density, time course, receptor subtype, desensitization, dose response, current-voltage relationship, ionic selectivity, pharmacology, and potentiation by the neurosteroid 5 alpha-pregnan-3 alpha-ol-11,20-dione (alfaxalone). Desensitizing GABAA currents were selective for chloride, inhibited by bicuculline and tert-butyl-bicyclophosphorothionate, and potentiated by diazepam, pentobarbital sodium, and alfaxalone. The EC50 for GABA was 15 microM.